This paper revisits the issue of conditional volatility in real GDP growth rates for Canada, Japan, the United Kingdom, and the United States. Previous studies find high persistence in the volatility. This paper shows that this finding largely reflects a nonstationary variance. Output growth in the four countries became noticeably less volatile over the past few decades. In this paper, we employ the modified ICSS algorithm to detect structural change in the unconditional variance of output growth. One structural break exists in each of the four countries. We then use generalized autoregressive conditional heteroskedasticity (GARCH) specifications modeling output growth and its volatility with and without the break in volatility. The evidence shows that the time-varying variance falls sharply in Canada, Japan, and the U.K. and disappears in the U.S., excess kurtosis vanishes in Canada, Japan, and the U.S. and drops substantially in the U.K., once we incorporate the break in the variance equation of output for the four countries. That is, the integrated GARCH (IGARCH) effect proves spurious and the GARCH model demonstrates misspecification, if researchers neglect a nonstationary unconditional variance.
1.

Introduction
The Great Moderation captured the attention of macroeconomists, especially since the decline in volatility of real GDP growth occurs in numerous developed countries. Several important issues emanate from this phenomenon. First, what caused the decline in volatility? Analysts offer several hypotheses, including better macroeconomic policies, structural change, or good luck.
1 Second, how does one model the decline in volatility? Researchers frequently employ some form of a generalized autoregressive conditional heteroskedasticity (GARCH) modeling strategy to capture the movement in volatility under the assumption of a stable variance process. Third, does the reduction in output growth volatility feedback and raise the real GDP growth rate? The existing empirical evidence on this third question provides mixed evidence.
Our paper focuses on the latter two questions, putting aside the issue of what precipitated the decline in macroeconomic volatility. First, we argue that the extent methods of modeling the time-series properties of the volatility of the real GDP growth rate contain misspecifications associated with structural shifts. We correct such misspecifications by introducing a one-time structural shift in the volatility process. Second, given our improved specification of output growth volatility, we reconsider the effect of the real GDP growth rate volatility on the real GDP growth rate. In addressing both questions, we examine four countries -Canada, Japan, the United Kingdom, and the United States.
1 Good policies refer to better management of the economy by monetary policy makers. Structural change refers to better inventory management. Good luck refers to the reduction in economic shocks (e.g., oil price shocks). Bernanke (2004) uses a lower-bound frontier on inflation and output volatilities to organize his thinking. Inefficient monetary policy or inventory management leaves the economy above the frontier, whereas changes in the volatility of random shocks will shift the lower-bound frontier. Stock and Watson (2003) attribute the Great Moderation to good luck, implying that the frontier shifted toward the origin. Bernanke (2004) argues that a substantial portion of the Great Moderation reflects better monetary policy, implying a movement toward the frontier. The distinction proves important, because if Stock and Watson (2003) prove correct, then good luck can turn into bad luck and the frontier can shift back to a more unfavorable trade-off. If Bernanke (2004) proves correct, then maintaining good policy can continue the benefits of the Great Moderation. Kim and Nelson (1999) , McConnell and Perez-Quiros (2000) , and Blanchard and Simon (2001) , among others, document a structural change in the volatility of U.S. GDP growth, finding a rather dramatic reduction in GDP volatility since the early 1980s. Mills and Wang (2003) and Summers (2005) find a structural break in the volatility of the output growth rate for the G7 countries, although the break occurs at different times.
Most research on the various aspects of output volatility, such as asymmetry or its effect on the growth rate, assumes a stable GARCH process governing conditional growth volatility. The neglect of structural breaks in the unconditional variance of output leads to higher persistence in the conditional volatility. For example, in Hamori (2000) , the GARCH persistence of volatility equals 0.972 for Japan, 0.857 for the U.K., and 0.987 for the U.S. In Ho and Tsui (2003) , the exponential GARCH (EGARCH) persistence of volatility equals 0.848 for Canada, 0.834 for the U.K., and 0.916 for the U.S. All the persistence measures fall close to one.
Economic growth involves long-run phenomena. For longer sample periods, structural changes in volatility will occur with a higher probability. Hamilton and Susmel (1994) and Kim et al. (1998) suggest that the long-run variance dynamics may include regime shifts, but within a regime it may follow a GARCH process. Kim and Nelson (1999) , Mills and Wang (2003) , Bhar and Hamori (2003) , and Summers (2005) apply this approach of Markov switching heteroskedasticity with two states to examine the volatility in the growth rate of real GDP. The GARCH modeling approach provides an alternative to deal with this issue, but relaxing the implicit assumption of a constant unconditional variance. Diebold (1986) raises the concern that structural changes may confound persistence estimation in GARCH models. He notes that Engle and Bollerslev's (1986) Hillebrand (2005) shows that in the presence of neglected parameter change-points, even a single deterministic change-point, GARCH inappropriately measures volatility persistence.
The evidence of declining output volatility combined with finding an IGARCH in conditional volatility motivates us to revisit conditional volatility in real GDP growth rates for Canada, Japan, the U.K., and the U.S. We first employ the iterated cumulative sum of squares (ICSS) algorithm, newly modified by Sansó, Arragó, and Carrion (2004) to detect sudden changes in the variance of output growth. Then we apply GARCH specifications, modeling output growth and its volatility with and without breaks in volatility. The evidence shows that the time-varying variance falls sharply or even disappears entirely, once we incorporate the breaks in the variance equation of output for the four countries. That is, the IGARCH effect proves spurious due to nonstationary variance.
The rest of the paper unfolds as follows. Section 2 discusses the data and structural changes in output volatility. Section 3 presents the methodology and the empirical results. Section 4 considers additional evidence on the relationship between the output growth rate and its volatility.
Finally, Section 5 concludes.
2.
Data and structural change in variance
Output growth rates ( ) equal the percentage change in the logarithm of seasonally adjusted quarterly real GDP ( ) in Canada, Japan, the U.K., and the U.S., that come from the IMF International Financial Statistics over the period 1957:1 to 2006:3. The identification of change points will occur endogenously in the data generating process. We employ the modified ICSS algorithm, proposed originally by Inclán and Tiao (1994) and adjusted recently by Sansó, Arragó, and Carrion (2004) to detect structural changes in the variance. The analysis assumes that the time series of output growth displays a stationary variance over an initial period, and then a sudden change in variance occurs. The variance then exhibits stationarity again for a time, until the next sudden change. The process repeats through time, yielding a time series of observations with an unknown number of changes in the variance. In Inclán and Tiao (1994) , the ICSS tests for changes in the unconditional variance of a stochastic process, assuming that the disturbances prove independent with Gaussian distributions.
Let{ } t ε denote a series of independent observations from a normal distribution with mean zero.
When N variance changes occur in T observations,
equal the set of change points. Let C k equal the cumulative sum of the squared observations from the start of the series to the k th point in time (i.e., , k = 1,…,T). Then, define as : , with Aggarwal, Inclán, and Leal (1999) apply Inclán and Tiao's (1994) ICSS algorithm to identify the points of sudden changes in the variance of returns in ten emerging stock markets, in addition to Hong Kong, Singapore, Germany, Japan, the U.K., and the U.S. More recently, Rapach and Strauss (2007) 
, and the procedure in Newey and West (1994) Figure 1 plots the series of real GDP growth rate and marks the break identified by the 3 We implement the modified ICSS algorithm using the GAUSS procedures available from Andreu Sansó's web page at http://www.uib.es/depart/deaweb/personal/profesores/personalpages/andreusanso/we. modified ICSS algorithm, as well as three-standard-deviation bands for each of the regimes. We further conduct structural stability tests for the unconditional mean and variance of the growth rate by splitting the sample into two sub-periods according to the break date in each country. For the unconditional mean, a Wald statistic tests for the equality of means for two different samples, while a variance-ratio statistic tests for the equality of the unconditional variances. Table 1 Bernanke (2004), Summers (2005) , and Eggers and Ioannides (2006) . This paper examines the effect of the Great Moderation on the time-series specification of output growth volatility in GARCH models (i.e., Section 3) as well as the effect, if any, of our output growth volatility measure on output growth (i.e., Section 4).
Time-Series Specification of Output Growth Volatility
We first construct ARMA models for the growth rate series. Based on the Schwarz Bayesian Criterion (SBC), the AR(1) process proves adequate to capture growth dynamics and produces white-noise residuals for Canada, AR(4) for Japan, AR(3) for the U.K., and AR(2) for the U.S. The general mean growth rate equation equals the following:
where the growth rate ) ln (ln 100 The GARCH(1,1) specification proves adequate to represent most financial and economic time series. Hamori (2000) , Henry and Olekalns (2002) , and Ho and Tsui (2003) apply this process to parameterize the time-varying conditional variance of output growth for the four countries studied. To consider the effect of the Great Moderation on the variance of output in the GARCH specification, we include a dummy variable in the conditional variance equation, which equals unity from the break date forward, zero otherwise, for our four sample countries as follows:. We first estimate the GARCH(1,1) models without structural breaks in the variance equation. That is, we do not know whether a structural break exists as a counterfactual experiment. (2000) and Ho and Tsui (2003) and prove high. The likelihood ratio (LR) tests for in the GARCH process do not reject the null hypothesis of an IGARCH effect at the 1 1 1 = + β α 5-percent level for all specifications. The model contained in equations (1) and (2) assumes that positive and negative shocks generate the same effect on volatility for each country. We employ Engle and Ng's (1993) diagnostic test to detect asymmetry in variance of the growth rates. The null hypothesis assumes no asymmetric effect in volatility. The joint test statistics (Engle-Ng) all indicate insignificance at the 5-percent level, supporting the symmetric GARCH models specified for the sample countries. The fitted models adequately capture the time-series properties of the data in that the Ljung-Box Q-statistics for standardized residuals (LB Q ) and standardized squared residuals (LB ), up to 6 lags, do not detect remaining autocorrelation and conditional heteroskedasticity. The standardized residuals exhibit symmetric distributions in Canada and the U.S., but not in Japan and the U.K., and significant excess kurtosis exists in all countries. Thus, they do not exhibit the characteristics of a normal distribution.
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The empirical results raise two issues. First, the Great Moderation in the volatility of GDP growth identified by the modified ICSS algorithm (i.e., one-time structural break) suggests that the volatility persistence identified in the GARCH models may prove spurious, since researchers do not incorporate structural change in the variance. Lastrapes (1989) shows that changes in the unconditional variance should receive consideration when specifying ARCH models. In his study, for instance, the persistence of volatility in exchange rates decreases after incorporating three U.S.
monetary policy regime shifts between 1976 and 1986, diminishing the likelihood of integration-in-variance. Tzavalis and Wickens (1995) find strong evidence of a high degree of persistence in the volatility of the term premium of bonds. Once they allow for the monetary regime shift between 1979 and 1982, however, the high persistence in the GARCH(1,1)-M model disappears.
Second, the significant statistical property of excess kurtosis provides a cautionary note.
Kurtosis for the standardized residuals (i.e., t ε / t σ ) should fall below that for the unconditional standard deviation. According to the distributional assumptions in the GARCH specification, the standardized residuals should reflect a normal distribution, if the GARCH model totally captures the leptokurtic unconditional distribution. The sample kurtosis in Table 2 for the standardized residuals indicates that GARCH incorporates some, but not all, of the leptokurtosis for the output growth rate in Japan, the U.K., and the U.S., and none in Canada. Blanchard and Simon (2001) note that the distribution of output growth exhibits excess kurtosis (or skewness), if large and infrequent shocks occur. This suggests that the evidence of excess kurtosis may also reflect the Great Moderation. Generally, empirical studies report the first-and second-order serial correlation in the standardized residuals of the GARCH estimation based on Ljung-Box diagnostic statistics, but often lack skewness, excess kurtosis, and normality tests. We argue that the higher moments of the standardized residuals provide important diagnostic information regarding accurate model specification and the true data generating process, particularly, when structural change in variance may occur.
Thus, we expect to resolve the two puzzles by modeling the non-stationarity variance arising from the Great Moderation. First, the high persistence of output volatility decreases after accounting for the Great Moderation, diminishing the likelihood of biasing the sum of the estimated autoregressive parameters toward one. Second, leptokurtosis in the unconditional distribution of output growth falls substantially or vanishes after adjustment for GARCH with the structural break.
Japan requires special attention because structural change also occurs in the mean as well as the variance of the growth rates at the break date 1975:1 in (1) as well as the same intercept-shift dummy variable in equation (2) for Japan.
1975 :1 t ≥ When we include these two dummy variables in the mean equation, but exclude the shift dummy variable from the variance equation, the GARCH model estimates nearly match those in Table 2 for Japan. In particular, the high volatility persistence (=0.9791) remains, meaning that the mean shift does not explain the IGARCH effect. See Table A1 in Appendix A. Sensier and van Dijk (2004, p. 835) conjecture that changes in the mean equation may explain changes in the unconditional volatility. Our findings do not support their conjecture when incorporating the one-time impulse or intercept-shift dummy variables individually or in tandem. Intuitively, mean shifts capture changes in the intercept, and not the volatility. In other words, the one-time impulse and intercept-shift dummy variables affect the distributional behavior of the residuals, but not the IGARCH process, which reflects the nonstationary variance. Engle and Ng (1993) asymmetric test exhibits some sensitivity to the GARCH model specification. In Table 2 , Japan and the other three countries all pass the Engle-Ng test. In Table A1 , however, only the GARCH model with the intercept-shift dummy passes the test for Japan. The other two Japanese specifications suggest that positive and negative shocks may affect the volatility differently. As a result, Table A2 reports the EGARCH estimates for Japan.
The results again show ambiguous evidence in that the asymmetric parameter, γ , proves insignificant, suggesting no need for such a model, although the residuals now pass the Engle-Ng test. Hamori (2000) , Ho and Tsui (2003) , and Fountas et al. (2004) also report an insignificant γ . Nonetheless, high persistence, measured by β , emerges in each of the three models. The LR test cannot reject the null hypothesis of β =1. In sum, either symmetric or asymmetric GARCH modeling specifications (in Tables A1 and A2 ) results in an IGARCH estimation under the Great Moderation. We proceed by focusing on the effect of nonstationary variance on conditional volatility, using a symmetric GARCH specification. providing support for these specifications. The Engle-Ng diagnostic statistics suggest no need of an asymmetric model, except for Japan at the 10-percent level (see footnote 4). The coefficients of skewness and excess kurtosis prove insignificant at the 5-percent level for Canada, Japan, and the U.S. And, thus, the standardized residuals conform to a normal distribution in the three countries.
For the U.K., excess kurtosis remains, but drops sharply as compared with that in Tables 1 and 2. Blanchard and Simon (2001) find significant skewness and excess kurtosis of U.S. real GDP growth only around the early 1980s recession. These results match our findings. In sum, by incorporating a one-time structural shift in the GARCH variance equations, we observe insignificant skewness and excess kurtosis in three of four countries studied. Table 3 falls below the similar model without the dummy variable in Table 2 . The significant LR statistic at least at the 10-percent level in Table   3 proves no IGARCH effect in each of the four countries. In addition, the estimates of 1 α and 1 β not only fall in size but also become insignificant in the specification that includes the dummy variable in the U.S., indicating no ARCH or no GARCH effects. That is, the dummy variable replaces the GARCH effect. Moreover, the GARCH(1,1) model reduces to ARCH(1) in Canada, Japan, and the U.K. Second, the interaction between the dummy variable and the excess kurtosis in Canada, Japan, and the U.S., which previously proved significant in Table 2 , now proves insignificant. In the U.K., the kurtosis drops by a large amount from 3.2265 in Table 2 to 1.0127 in Table 3 . These results suggest that the statistical evidence for time-varying variance and for excess kurtosis in the growth rate may reflect a shift in the unconditional variance caused by the Great Moderation. Figure 2 
Output Growth Volatility and Output Growth
The prior section considers the appropriate time-series specification of the volatility of the growth rate of real GDP. A number of authors examine the issue of how this volatility affects the growth rate of GDP. That is, does decreased real GDP growth rate volatility cause a higher or lower real GDP growth rate? For example, applying a GARCH in mean (GARCH-M) model and using post-war real quarterly GDP data, Henry and Olekalns (2002) discover a significant GARCH effect and a negative link between volatility and growth for the U.S. 5 This section pursues this question with our more appropriate time-series specification of the real GDP growth rate volatility, employing a GARCH-M(1,1)-M model to examine the effect of output volatility on the output growth rate for our four sample countries.
Alternative theoretical models give mixed results --negative, positive, or independent relationships between output growth volatility and output growth. For example, the misperceptions theory, proposed originally by Friedman (1968) , Phelps (1968), and Lucas (1972) , argues that output fluctuates around its natural rate, reflecting price misperceptions due to monetary shocks. The long-run growth rate of potential output, however, reflects technology and other real factors. The standard dichotomy in macroeconomics implies no relationship between output volatility and its growth rate. Rogers (1997, 2000) argue that learning-by-doing generates growth whereby production complements productivity-improving activities and stabilization policy can positively affect human capital accumulation and growth. One natural conclusion, therefore, implies a negative relationship between output volatility and growth. In contrast, Black (1987) argues that high output volatility and high growth coexist. According to Blackburn (1999) , a relative increase in the volatility of shocks increases the pace of knowledge accumulation and, hence, growth, implying a positive relation between output volatility and growth. Table 4 reports the GARCH(1,1)-M estimation results, where we include the one-time structural break in the variance process. The presence of the standard deviation (i.e., the square root of the variance) in the mean equation of the growth rate makes equations (1) and (2) a GARCH-M model (Engle et al., 1987) . The coefficient of the conditional standard deviation ( λ ) possesses no statistical significance in Japan, the U.K., and the U.S., but significance at the 5-percent level in Canada. All other estimates and diagnostic statistics mirror those in the models without this mean effect. The insignificant estimate of λ in the mean equation implies no relationship between output volatility and its growth in Japan, the U.K., and the U.S. This result conforms to the misperceptions hypothesis and the previous empirical findings, using GARCH-M models, of Grier and Perry (2000) and Fountas and Karanasos (2006) for the U.S. and Speight (1999) for the U.K. This finding, however, proves inconsistent with the discovery of a positive relationship by McKiernan (1996, 1998) for the U.K. and the U.S., and by Fountas and Karanasos (2006) for Japan, as well as the discovery of a negative relationship by Henry and Olekaln (2002) for the U.S. The significant and positive estimate of λ supports the Black (1987) hypothesis for Canada.
Different empirical findings between Henry and Olekaln (2002) and this paper may come from several sources. First, although we use almost the same sample size, our quarterly data Second, Henry and Olekaln (2002) use an asymmetric threshold GARCH (TGARCH) of Glosten et al. (1993) . In our Table 4 , the Engle-Ng (1993) diagnostic test shows no asymmetric effect under a symmetric GARCH specification, suggesting no need for an asymmetric model. This conclusion also receives support from Hamori (2000) , who shows that the GARCH version provides the best statistical fit compared to EGARCH and TGARCH and that the volatility process proves symmetric for the U.S., the U.K., and Japan. Third, and most importantly, Henry and Olekaln (2002) assume implicitly that a stable GARCH process governs conditional growth volatility. The neglect of the structural break in the unconditional variance identified by the modified ICSS algorithm (also documented in other studies using other methods) proves misspecification of the conditional variance. That may lead to significant GARCH and, thus, GARCH-M effects.
For the differences with other studies, Caporale and McKiernan (1998) and Fountas and Karanasos (2006) use annual real GNP or IP (industrial production) data. Caporale and McKiernan (1996) , Speight (1999) , and Grier and Perry (2000) use monthly IP to examine the effect of output volatility on its growth. The data frequency may provide another avenue for differences in findings.
Existing research efforts, however, do not limit the phenomenon of the Great Moderation to quarterly output only. For example, Sensier and van Dijk (2004) 
Conclusion
This paper investigates the properties of the variance in quarterly real GDP growth rates and their effects on conditional volatility for Canada, Japan, the U.K., and the U.S. during the period 1957:1 to 2006:3 as well as the effects, if any, of output growth volatility on output growth . We begin by considering the possible effects, if any, of structural change on the volatility process. Our initial results, based on a GARCH model of the conditional variance of the residuals, find strong evidence of volatility persistence and excess kurtosis in the growth rate. Subsequent analysis reveals that this conclusion does not prove robust to a one-time shift in output volatility, identified by the modified ICSS algorithm. First, the findings of a high volatility persistence measured by the GARCH model disappear in the specifications that include a dummy variable for the structural break. That is, the IGARCH effect proves spurious. Second, excess kurtosis vanishes or drops substantially in the specifications that include the dummy variable in the GARCH process. These results demonstrate the misspecification of GARCH models, if researchers neglect the nonstationary unconditional variance.
We can resolve the two puzzles of high conditional volatility persistence and excess kurtosis completely when we introduce dummy variables for the Great Moderation in the GARCH models for Canada, Japan, and the U.S. The excess kurtosis, however, remains unresolved for the U.K. That is, although it drops substantially, leptokurtosis in the unconditional distribution of output growth rates remains after adjustment for GARCH with conditional normality. Speight (1999) and Ho and Tsui (2003) face the same issue in their studies of the U.K. Baillie and Bollerslev (1989) show that although the use of the conditional normal distribution can generate a leptokurtic unconditional distribution (for the exchange rate), it cannot adequately capture the degree of kurtosis in the unconditional distribution. The t-distribution possesses more power in explaining leptokurtosis (for the exchange rate) than the normal distribution. We experimented with the GARCH(1,1) model with a t-distribution and the structural break. Excess kurtosis still appears in the standardized residuals. An explanation for this excess kurtosis remains a topic worthy of future research. 1960 1965 1970 1975 1980 1985 1990 1995 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 1975:1 
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